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5 Claims, (CL 315—196)

As known, the ‘electrons can be made useful in a 1

betatron. after their acceleration by an expansion or con-
traction of the equilibrium circle. To this end a special
winding (expansion or contraction winding) can be used,
which at least embraces a part of the accelerating mag-
netic field, and which; when the current circulates throuigh
it, changes the proportion of the accelerating field to the
intensity of the control field which is-to be maintained
during the acceleration phase, and' thus also changes the
radius of the equilibrium circle.

It is known as an especially advantageous arrangement ¢
to produce current impulses in such a winding by which'

there is enlarged the equilibrium circle. Besides, the ex-
pansion winding is connected with in a series arrange-
ment with a-condenser and two thyratrons, which latter

are parallelly installed, one below the other, with oppos-- !

ing low resistance directions of current conduction. - Then
the thyratrons are alternatively made conductive, each
time -when -the accelerating magnetic field reaches - a
maximum value; and each time at these moments there
occurs current impulses (expansion impulses)-in the ex-
pansion winding, when. the electrons have reached their
maximum speed. The particular advantage of this known
arrangement is the extraordinary low cost.” Above all,
no extraneous source of current is necessary for the éx-
pansion impulses; rather the required -energy is: taken
from the part of the magnetic field which is -embraced by
the expansion winding. -‘The arrangement is especially
suitable for so-called double ray betatrons as described
in my prior United States Patent No. 2,538,718, granted
January 16, 1951, in which electrons alternately acceler-
ate in both directions of circulation around their orbit.

Moreover, theré are known or suggested arrangements,
which apply the same principle, as is the basis of the
depicted arrangement, which, however, make it possible

for the energy of the electrons of one or both rays to 5
be changed. To this end it is necessary that the mo-.

ment of the expansion impulse in relation to the phase
of the alternating veltage, which feeds the betatron, be
variable. At the same time, attention must be paid to
the fact that the expansion impulses show the correct
amplitede which, with advantage, is proportional to the

desired electric energy. There are known, suggested ar-

rangements for the simultaneous adjustment of the en-
ergy of both rays, wherein both rays show the same
energy at any time, and arrangements for the regulation
of the energy of the one ray, while the energy of the
other ray permanently, at least approximately, maintains
its maximum value,.

Finally an arrangement has been suggested by means
of which expansion impulses or contraction impulses can
be arbitrarily produced. In this arrangement there can
be “arbitrarily connected.the series arrangement of con-
denser and thyratrons, by means of a switch, with the
expansmn winding or with the series arrangement of
expansion wmdmg and exciter coil of the betatron. The
same measure is also applicable in the betatron- accord-
ing to the invention; however, for the sake of stmpllcxty,
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only the production of expansion impulses will be dis-
cussed in the following:pages.

The present invention relates to a double-ray betatron,
which also embraces an. expansion winding which is
crossed by at least one part of the acceleration field and
which is connected with the series artangement of a con-
denser and two thyratrons' which latter are parallelly
engaged one to another with opposing low resisiance di-
rections of conduction. Thus also the betatron accord-
ing to the invention, does not require: special power :
sources for the expansion impulses, however, contrary-
wise to the known, suggested arrangements. It is possi-
ble, however, to establish the energies of the both rays.
independently one from anpother in the double-ray beta-
tron according to this invention.

The basic principle for the betatron accoldmg to the
invention, is explained on the basis of Figs. 1 to 4. Fig.
1 shows an equivalent-circuit diagram of the betatron,
which involves: only the. parts which are necessary for
the explanation. The exciter coil P, which produces both
the accelerating magnetic field and the control field, is
fed from a phase of the alternating current via the ter-
minals S, T. It is understood that the exciter coil, the
expansion -or auxiliary  winding, the dual cathodes and
the circuit arrangement for effecting acceleration of suc-
cessive electron streams in opposite directions along the
closed path will be generally .as indicated in my pr101
aforesaid U. S. Patent No. 2,538,718. The expansion
exciter coil W is magnetically coupled’ with the winding

_P. On the terminals of this winding there is located

the condenser C in series- connection to two thyratrons
Vi, Va. - These thyratrons are installed parallelly in back-
to-front relation; i. e. with opposing low resistance di- -
rections .of current flow, The electrical connection be-
tween expansion wmdlng W and condenser C is effected
each time of the ignition of one of the thyratrons by
means of the properly passmg strlkmg potentials U,’
and U,”. .

Fig. 2 shows the timely order in the proceeding of -
some important events. It embraces one period or cycle
of the feeding A. C. current voltage, - The acceleration
of the electrons for the first ray begins with the phase
«=0°; its maximum duration is «=90° (arrow I). At
this moment the. electrons attain the maximum possible
energy (Emax ). However, the acceleration can be in- -
terrupted at an earlier moment «; by expansion of the
equilibrium circle when the entire energy is not needed.
The achieved energy is then E;=F . - sine «y. The ac-
celeration of the electrons for the second ray in another
direction of circulation begins with «=180° and its max-
imum duration is «=270°. It also can be stopped at any
earlier moment oy,

Fig. 2 furthermore shows the voltage U, induced by
the acceleration field in the expansion winding. It takes
a course according to the functions U;=Uj- cos «, where

- the amplitude U, is given by the arrangement of the

6o

35

expansion winding and its number of turns.

Finally Figure 2 shows the principle of the producticn
of expansion impulses. It is supposed that the condenser
C (Fig. 1) first is loaded for the voltage U,=U,.. At
the moment «; the thyratren V; is'to be ignited. If it
were conductive for both current directions, thus the con-
denser would be discharged via: the expansion winding W
in an oscillatory way, according to the damped sine os-
cillation' represented by a' dashed .curve in the greatly
enlarged time scale. . However, in fact, the thyratron
produces only one current pulse in one direction. There-
fore, the oséillation is interrupted after a semicycle, as
it is represented by the drawn solid curve U,. As a
result of the slight damping of the oscillatory circuit
conmstmg of C, W and Vy, the voltage Uc—~U~, prevall- ‘
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ing after the ignition: at. the.condenser,.is. located. prac-
tically as much below the momentary terminal voltage
U of the expansion winding, as the voltage U, is
located above .it.- The' expansion winding causes that
a current impulse circulates-during the reloading of the
condenser, whose magnitude was proportional ' to ‘ the
voltage difference Uy—Uly,:.

An analogous discharging process is: indicated :at. a;.

The condenser voltage U, possessed. the value U, prior”

to the ignition, after. the igniticn of the thyratron V, it is
situated at Uy, while Uy and U, are situated again
symmetrically close to -the.terminal voltage U;, which
showed the value-Uy,. at the moment of the ignition.
The indicated example:shows the. released expansion
impulse, which is larger at ay than that at ay, since the

voltage.- difference U,»—Uy» is:larger than the voltage

difference Uy —Up,. “As known, it is advantageous- if
the amplitude of each expansion impulse and hence the
particular voltage difference U,—U; is ‘proportional- to
the achieved. electric energy, thus proportional to sin-a.
Therefore, if a voltage difference Uy is required for the
expansion of the electrons at a=90° accelerated to' the
maximum possible energy (this value is determined by the
type of construction of the ‘expansion ‘winding ‘on -the
cone hand and by the desired enlargement of the equilib-
rium circle on the -other); thus, in general, this difference
amounts to U,—Uj=U;'sin «. Since then Uj takes a
course according to the functions Uy-cos «, the necessary
condenser voltage U, resp. U,.» in dependence on the
expansion moments a;, resp. ap is given by the function

. Uv'=Uo'COS a1+U1’Sin oy

resp.
Uyr»=Up*cos ag+Uj-sin ay-

According to the expansions, the condenser-voltage U, *

is given for the values

Uyp-=Ujy-cos a;—Uy*sin a;
Tesp. 7

U, =Upy cos ag—U,-sin ay

According to the invention, the condenser voltage Uy~

(resp. Uy-) which is each time needed for the next ex-
pansion, is acquired from condenser-voltage Uy, (resp.
Uy») remaining from the previous expansion in such a

way that the- thyratron  which has effected the previous °

expansion is once more ignited-before the next expan-
sicn. The moment a3 (resp. ay) for the supplementary
ignition is selected’ according to the invention. in such a
way that the condenser of the old voltage value U,

(resp. Uy:-) is recharged just on the required new volt- «

age value U, (resp..U,s). The recharging, therefore,
must take place at that moment, at which the terminal

voltage U, is situated in the middle between the old and -

new voltage value. For the case, which is'known as-ad-
vantageous, i. e. when the amplitudes of the expansion
impulses are proportional to the electric energy, there is
an easy computation of the phases ag, resp. a4 from the
below mentioned formulae. They are given by the rela-
tions

cos ag==V%(cos aj+cos ag—K(sin a;—sin as))
resp.
cos wy=Y2(Cos a;-}-cos as-+K(sin a;—sin ay))

where
K=U/U,

Fig. 3 shows the interesting voltage courses in a beta-
tron according to the invention for the cases represent-
ed herein; it embraces again a period or cycle of the
feeding A. C. current voltage. For the sake of sim-
plicity it is assumed that the impulse voltage U,—U; re-
quired for the expansion at maximum energy equals the
amplitude of the voltage induced in the expansion wind-
ing; thus Uy=Uy and K=1. This stage can be realizéd
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if desired, by proper dimensioning of the expansion wind-
ing. Thus the voltage U, required for an expansion takes
a course in dependence of the expansion phase « ac-

cording to’ the function Uo-\/i_-sin (a4-m/4) (dashed
curve); after each expansion there is at the condenser the
voltage U,=Uy\/2-cos (a+n/4) (dash-dotted curve).
It is assumed by way of example, that the first ray is
expanded at the phase a;=60°, the second ray at the
phase. a;=200°. Thus the first ray shows-about 87%
and the second ray about 35% of the maximum possible
energy. Both thyratrons V resp. Vy will be, therefore,
ignited at the phases a;=60°, resp. a;=200°. At the
phase «;, the condenser voltage jumped from the value
U,=1.37-U, to the value U,.=—0.37-U; at the phase
oz the corresponding values are. Uy ==—1.28-U,, resp.
U,=—0.60-U;.  According to the invention the thyra-
tron V; is supplementarily ignited at the: phase az=146°.
At this phase, the terminal voltage of the expansion wind-
ing is sitnated at —0.825-Uy., i. e. just in the middie be-
tween the existing vaiue U,i==—0.37-U, and the next re-
quired value U, =-—1.28-U,.  Thus on .the condenser
there is available the voltage which is required for the
expansion of the second ray a;=200°, before the begin-
ning of the acceleration of the electrons. - After this ex-
pansion, the thyratron V,, is ignited in an analogous way
for the second time, namely at the phase a;=293°, when
the voltage U; with 0.385-Uj is- situated in the middle
between -the voltage U,.»=—0.60-U,, remaining from
the second expansion, and the voltage U, =1.37-U, re-
quired for the next expansion. The lower part of Fig. 3
shows the positions and magnitades of the corrent im- -
pulses which circulate through the expansion winding.
The impulses I and II are expansion impulses, which
terminate the accelerating processes beginning at «=0°,
resp. a==180°. It is evident that the impulse magnitudes
are proportional to the electric energies achieved at the
expansion moments, and that the polarities of the ex-
pansion impulses: alternate in accordance with the- alter-
nating direction of - circulation of electrons. The -im-
pulses IT and IV which originate during the recharging

- -of the condenser- to the voltage value required each: time -

6d

(]

for the next expansion, do not affect any longer the func-
tions of the betatron since there are mno:-electrons in the
equilibrium circuit at the moment of: their appearance.
Thus, in recapitulation, the betatron -according to the
invention is characterized in that way that each thyration
is once more ignited after the expansion process ‘allotted
to it, however, before the next expansion process. This
supplementary ignition is advantageously effected at least
approximately at the moment, at which the voltage U
induced by the acceleration field in the expansion: wind-
ing, is situated .in the middle between the voltage U,
reposing in the condenser from the previous expansion
and the voltage U, required for the next expansion.
‘Naturally the always existing resistance cause that the
voltage difference: U, —U,, are not equal to the voltage
difference' U,—U,,, but a little smaller than the latter.
The diminishing amounts. in practice to about 5-15%.
The consequences of this diminishing are insignificant for
the most part.  If they are to be omitted, thus the phases
a3, oy Of the supplementary ignition can be a little larger
than the further value selected according to- the above |
mentioned computation. It may be learned from Fig. 3 -
that the voltages Uy, resp. Uy can be a little larger in
this case, whereby the damping influence of the resist-
ances can be compensated. ~ Also it can be proceeded ac-
cording to the further realization of the invention idea
as outlined in Fig. 4. According to it, the other thyra-
tron is ignited at the phases as, resp. ag between the
ignition (ay, resp. ap) effecting an expansion and the sup-
plementary ignition of a thyratron (a3, resp. a,) provided
by the invention. It is evident that greater voltage dif-
ferences U,—U,, are in existence at. the phases ag, Fesp.. -
ey of the supplementdry ignitions than in the arrange-
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ment according to Fig. 3. According to the arrangement
represented by Fig. 4 an expansion impulse of any am-
plitude can be practically produced at any arbitrary ex-
pansion phase; .Thus it is possible to depart—in special
certain cases—from the general advantageous norm, ac-
cording to which this amplitude is to be proportional to
the achieved electric energy. . )
Pursuant fo the first construction specimen for the beta-
tron according to this invention, the ignition impulses

are produced at the phases aj, ag, a3, and a4 (Fig. 3), by I

the respective phase shifter in connection with one of the
circuits which are fed by the said phase shifter, and
which circuits- form - current impulses. ° Such arrange-
ments are known in many-fold construction forms. The
two phase shifters for the determination of the expansion
moments and thus of the desired electric energy, produce
impulses, ‘which are adjustable.in the ranges 0<Ka;<<90°
resp. 180°<ay<270°. The phase shiftér for the pro-
duction of the impulses for the supplementary. ignitions
at the phases 90°<a3<180° resp. 270°<a,<360°, can
be regulated by hand, e. g. by means of a cathode ray
oscillograph; however, its setting ‘at the maximum of the
electron exploitation is more advantageous. Thus the in-
fluences of the damping are automatically eliminated.

More convenient for the regulation are, of course,

such betatroms, at which only the expansion phases «,
and «; are regulated by hand to obtain the desired elec-
~ tric energy, while theré are available special means for
the automatic production of impulses for the supplemen-
tary ignitions at the proper phases az, resp. as.: Each of
these phases depends—as derived according to the above-
mentioned inter-relations—on. both expansion phases.
For example, it is possible to couple the phase shifters
for the production of the supplementary impulses—which
are available according to ‘the depicted first application
- example—together with the phase shifters for the produc-
tion  of .the expansion impulses :through a proper me-
chanical device. Also the phases for the supplementary
ignition can be established which could automatically ex-
ploit the maximum of the .electrons under application of
a proper regulating arrangement, e. g. according to Swiss
Patert (application 76,998). ’ :
' Fig. 5 shows by way of example the production of the
" impulses for the supplementary ignitions by means of de-
vices operating electrically. First there are parts, repre-
sented in Fig. 1. Additionally the circuits:for the pro-
duction of the expansion impulses and supplementary im-
pulses are indicated. The arrangement embraces two
identical circuits of which the one which is contained
in the dashed-rectanglé II and is to be discussed in-full,
produces the ignition impulses for the thyratron Vj at
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_the phases ay and a4. The other circuit which produces

the ignition impulses for the thyratron Vy, is symbolized

by the rectangle, designated with I.

In the following discussions it is assumed that each’

thyratron is ignited when its grid. potential ascending
from negative values, reaches the zero value.  If this as-
sumption for the thyratrons .which are to be applied, is
not realized thus a constant initial grid potential of the
convenient magnitude is to be provided while the indi-
cated arrangement is applicable in the unchanged form.

First the production of the expansion impulses at the
arbitrarily regulated phase-ay is discussed. In this case
it is assumed that the point M of the circuit shows the
same potential as the point B, which latter is connected
with the cathode of the thyratron V,. It will be further
proved that this presumption factually exists in the inter-
val 180°<Kay<{270°, which is here of great interest.” In
the transformer T, there is produced a series of alter-
nating positive and negative short-time impulses from a
primary voltage U, taking a course of a sine in the form
of saturation events in the iron core as secondary volt-
age U, The primary voltage is supplied by the arbi-
trarily adjustable phase shifter Ds. Simultaneocusly the
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phase of the voltage Uy is adjustable in such a range,
that the positive impulses appear at any arbitrary phase
of the intervals 180°<as<{270°, The firmly installed
phase changing circuit which is symbolized in the figure
by a condenser and a rheostat will be described further.
A constant negative initial grid voltage U, is mormally
situated at the control grid of the thyratron V, in order
that the latter can be ignited by the positive impulses.
This grid voltage is connected in series with the impulse
voltage U, and its magnitude is to correspond to the
impulse amplitude. The direct current voltage Ug is
produced from the alternating current Uy originating in
the phase shifter' Dy via the rectifier G; and the trans-
former Ts. ) .

Now will be discussed the production of voltage for
the supplementary ignition of the thyratron Vj at the
phase ;. According to the above-mentioned relations
this ignition must be effected at the moment when (like
Fig. 3)

U,-=U—"’i;—U—’-‘1 or 2U;—Upir—U =0

According to Fig. 5 a voltage Us is taken from the
rheostat R, of- the potentiometers Ry, R, Ry which is
proportional to the voltage difference U;—U,, takes a
course Us=p. (U;—U, ). To the latter voltage a voli-
age Uy proportional to the voltage U is added which
originates in the transformer Ty vis: Up=p.U; The
primary winding of this transformer is supplied from the
same phase of the three-phase current net as the exciter
coil P of the betratron. Finally a voltage p. U,, -pro-
portional to the voltage Uv. must be deducted from the
sum of UgtU;=p. (2U;~U,~). This is a direct ‘cur-.
rent voltage U,, whose magnitude depends on the phase

oy arranged by the phase shifter D; according to the con-

dition Ug=p.U;. V2 .5in (a;-4-n/4) as derived above.
Such a direct current voltage is acquired from the al-
ternating current, voltage Ug supplied by the phase shifter
D, via the rectifier G, and the transformer Ty, provided
that Uj is the -geometric total of the voltage on the

“movable secondary winding of the phase shifter and the

voltage of the phase S—O. This is the case of the-out-
lined series connection of the secondary winding -d with
the winding d;, when the voltage supplied by the second-
ary winding shows the same amplitude as the voltage on
the primary winding d;. To enable.a turn of the phase
of the voltage Us in a range of §=90°, the secondary
winding must be adjustable within a range of 25=180°.
The alternating current voltage Us; supplied by the phase
shifter D, serves simultaneously as the producer of the
expansion impulse for the thyratron V; by means of the
devices contained in the block I. 'On the other hand the’
alternating voltage U, in the block I supplied by the
phase shifter D, is converted into the direct current
voltage required for the production of the supplementary
impulse for the thyratron V;. The fact that the ampli-
tudes of the voltages Uy, resp. Us are adjustable at the
shifting of the phase shifter is practicaly insignificant
for the production of the expansion impulses when it is
considered that impulse voltage U, and initial grid voltage
U, are changing to the same extent.. However, it must
be taken into account that then, when for example the .
voltage Uy shows its maximum amplitude, its phase is
shifted by 30° against the phase S—T, which feeds the
betatron. Fig. 3 (see the dashed line) demonstrates
that the maximum amplitude of the voltage U, should
appear at the phase a=45°, Therefore, the fixed in-
stalled phase shift unit F is provided for, which produces
the proper mutual relation between the phase of the im-
pulse voltage U; and the magnitude of the direct current
voltage U,. :

Thus the voltage at the point N reaches the zero value,
when the supplementary ignition of the thyratron Vg
should take place. However, a detailed investigation re-
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veals that the voltage at the point-N can again reach the
zero value in the interval 0°<e<{180°. An intermittent
direct-current voltage is produced in the rheostat R,
through the rectifier Gz and the transformer Ts, so that
no ignition can take place at that moment. The inter-
mittent voltage consists of negative sine half-waves which
appear in the said intervals. To achieve this, the primary
winding of the transformer T is supplied by a voltage,
whose phase is shifted by 90° against those of the volt-

age Uj, thus from the lines R and ‘O of the alternating ¢

current net. In order that, at the moment of the sup-
plementary ignition the control grid of the thyratron V,
obtain -the zero potential despite the initial grid voltage
Uy, a positive direct current voltage U, is added to the
voltage .at the point N. This is acquired from the al-
ternating voltage ‘U, supplied by the phase shifter D,
through the rectifier G4 and the transformer Ty} its mag-

nitude-changes, therefore, at the-adjustment of the phase

og in the same measure as the magnitude of the initial
grid voltage U,.

Finally there is still: in effect the rheostat R, in con-
junction with the rectifier Gs. This rectifier connects
the point M with- the ‘point B, as soon as the voltage—
which is produced in the parts drafted on the left -from
the rectifier—becomes negative against the point B. This
is the case .especialy within the range 180°<a<{270°,
where appears the . expansion impulse of the thyratron
Vs,
above, the point M on the cathode of the thyratron Vj
and only there are effective the initial grid voltage Ug and
the impulse voltage U, on- the control grid of the thyra-
tron V.

Gy supplies current.
It has been proved successful in practice that the parts

contained in the dotted rectangle of the block I and the.
relative parts of the block I, have been surrounded. in

each case by a screening box, which was conductively
connected with the cathode of the associated thyratron.
In this way a regular operation is ensured despite- the

great potential fluctuations:which appear during the re--

charging of the condenser C.
We claim:

1. A magnetic .induction accelerator comprising - an--

evacuated chamber within which charged particles such

as electrons may. follow a closed orbital path, means in-

cluding an exciter coil and an associated magnetic circuit
adjacent said chamber for producing a cyclically varying
magnetic field of alternating polarity, said field having

such spatial distribution as to normally confine the.elec--

trons to said orbital path while continuously accelerating
them along said path, means including electron emissive

cathode means operated in timed relation with the varia-.

tion in said magnetic field for periodically injecting elec-
tron streams into said chamber for acceleration respec-
tively in opposite directions along said path, the direction
of acceleration of a particular- stream being dependent
upon the polarity of said. magnetic field, an auxiliary

winding encompassing at least a part of said alternating.

magnetic field for removing the accelerated streams of
electrons -from. their orbit by expansion. or -contraction
of each said accelerated. electron stream, said auxiliary
winding being connected in series circuit with a condenser

In this range there also -is situated, as mentioned

The rheostat R4 impedes a too great load of -
the voltage sources: during the periods when the rectifier -

"l

o
i

40

iy
<t

60

and-two-parallel arranged grid-controlled thyratron tubes
connected-in back-to-front relation, means for effecting a
primary -ignition-of each-of said thyratron tubes in each
half respectively of-the cycle of said alternating magnetic
field thereby to energize said auxiliary winding from
said condenser-to- effect -removal of the corresponding
accelerated electron stream from the orbit, and means for
effecting a supplementary ignition of each said thyratron
tube following the principal -ignition thereof and prior to
acceleration of the-next stream of electrons in the op-
posite direction thereby to periodically recharge said con-
denser.

2. A magnetic induction accelerator as defined in claim
1 for accelerating charged particles wherein said means
for respectively. effecting the primary and supplementary
ignitions -of ‘said thyratron tubes include control voltages
in the-grid circuits. of .said .tubes, said control voltages
being constituted: by the:-output - voltages. of adjustable -
phase " shifter -means connected to said source of alter-
nating current.

3. A magnetic induction accelerator as defined in claim
1 for accelerating charged particles wherein said means
for effecting the primary ignition of each said thyratron
tube .includes a . phase. shifting device connected to said

5 source of alternating current-and wherein said means for

effecting. the supplementary ignition of each said thyra-
tron tube includes a phase shifting device connected to
said source of alternating -current, and wherein all four
of said phase shifting devices are individually. adjustable,
the -output voltages -of -said phase shifting devices being
connected in the grid circuits of said tubes.

4. A magnetic induction acecelerator as defined in claim
1 for accelerating charged particles wherein said means
for effecting the primary ignition of each said thyratron. .
abe includes a first pair of phase shifting devices con-
nected to said scuice, of -alternating current and. wherein
said means for effecting the supplementary ignition of each
said thyratron tube includes a second pair of phase shift-
ing devices connected  to.said source of alternating cur-
rent, said first pair of phase shifting devices being in-
dividually .adjustable and: the phase. shifting devices con-
stituting said second pair being respectively mechanically
coupled to the phase shifting devices constituting said first
pair so as to be automatically adjusted as the latter are
adjusted, the ouiput voltages. of said phase shifting devices
being connected in the grid -circuits. of said tubes.

5. A magnetic induction:accelerator as defined in claim
1 for accelerating charged particles wherein' said supple-

. mentary ignition. of each said thyratron tube is effected
" when the voltage induced by said alternating magnetic

field in said auxiliary winding lies intermediate the volt-
age on-said condenser existing from'the previous removal
of a.stream. of electrons accelerated in one direction
around the ‘orbit and the voltage required for removal of
the next stream. of electrons accelerated in the cpposite
direction around the orbit.
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